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FIG. 6

—
VoD
OST
Vss
A%
OVCL1
Vss
Vop
OVCL2
Vss
Vop
VSOUT(1)
Vss
Vop
VSOUT(2)
Vss
Vop
VSOUT(3)
Vss
A%
OGCLI
Vss
Vop
dGCL2
Vss
2VDD—VSs =V
< vy(l) VDD—VTH
Vss
2Vpp—Vss —Vru
Vq(2) Vob—VT1H
Vss
Vu
Vr( 1) \IL
Vu i
Vr(2
1(2) -
Vop
Va(l)
Vss
Vop
Vg2 "
g(2) Ve
Vop
Vg3
£3) N \
Voo
Ve(4)
Vss
Voo
Vg5
(5) - L
VoD
V(6
£(6) w [ -




US 9,401,704 B2

Sheet 7 of 15

Jul. 26, 2016

U.S. Patent

|
_ _
_ |
_ [ _
| _ _
_
./
Ve NIAT

4/ Ol

JNVY4 ado

aan

adp

SSA

adp

(9)8A
($)BA
(#)5A
(£)8A
(D3A

(1)8A

10D

I'IHd

(£)1NOSA

(2)1N0osA

(DINOSA
TI0A®
I'IOA ®

LS

V. Ol




US 9,401,704 B2

Sheet 8 of 15

Jul. 26, 2016

U.S. Patent

NOILOFHIAMOY «—
(s Al
i

1= AB A

1

1

b i
1

1
(955}
1

NOILOFHIANWNIOD <

00T —= ¢

J.H_+|_I_A_w.: v_ﬂ_.ﬂ_u.: m LS N

1 100 IS / T'IDA
(DRAI N /V q
71T N

__M.E e | ™

Al
[

Y S
—
=

|
8 [ SA _%> ssa| oA
081
= << <l|le e o 090
8% Ellc g = <<
cC o 49 o0
~ S E 5

- 0tl 0¢

—



US 9,401,704 B2

Sheet 9 of 15

Jul. 26, 2016

U.S. Patent

L3
e — BN RSN RSN RS RS M M M M N N M e e mm

<o
o™
—

nlllllllmoﬂ |||||||| 061~~~
| . _. ; _
8A |"I C\/Cm
|
N
(- W8A “| (1-g @rov
| . —
1 : T % % A == : - R
| )
(8)3A 1} A%Vm |
1
|
oLL win ] (g v
1 e
|
osa L] (94 _
|
. 1
) [— v_m_m_wv% (e18n Amvm— AMV<
1100 g 00— Aﬁvm — mw% “ —
@,H\./\‘ﬁ_ ada (H5A _| A.va_” ]
|
ATOD I
L ) win L] (O @v
Y “ Bl
1
mm . @—m (@8A “| ANVM— | \G
|
(1)SA “| Aﬁvm Aﬁvaﬂ
IR N i s R L I R
S84 SSA PPA 10D LS oA | ossa
961 7100 oA

TTTTTL



e P
ol
B
L i

- {}‘ |
2

US 9,401,704 B2

finy
5
A
g’\
AN L

:
)

§

¥

TR

Sheet 10 of 15

Jul. 26, 2016

FIG. 10

U.S. Patent

T
4 o b
1 . g7
oy b 3 el
L T 7o
ke hicad ~
H 1
s b
L
f
s
3
o %
P et
e b



U.S. Patent

—

VSOUT(1)

®GCLI

dGCL2

Vq(1)

Vaq(2)

Vri(l)

Vr(2)

Vg(1)

Vg(2)

2Vpp-Vss ~VH

2Vpbp-Vss ~V1H

Jul. 26, 2016

FIG. 11

t31

Sheet 11 of 15

32 t34
33

t35

36

A%

Vss

Vop

Vss

Vop

Vss

Vob—VrH

Vss

Vop—-Vin

Vss

Vu

Va2 >
Vi2

Vu

V2 >
Vi2

Vop

Vss

A%

Vss

US 9,401,704 B2




US 9,401,704 B2

112

Wi
e
3

%

Sheet 12 of 15

e
¢

302 301

i__-__
301

s
]
0o

Cod
o

Jul. 26, 2016

U.S. Patent

305

w‘l“”m .
e [ ;
ol pann $ '
5, oo )
3 ! = boh
S S 8] o ) : M
g, ; = X f Y [ " “ :
_ M i
" “ ;
_ | | |
” N
i) ! i |
: " & ” m
ﬂm Y I H
| ) " :
M Z M / ﬁi:m _
5 | e T
o] i ~% iy
| J—] : o IV
a o S S s m " m I m 3
{ C “ C C I e M .” w,
= L e 3 ” M P
t i
”nm Mnm nm o & ! m n
“ , ? oD " : O
) § L PEET %] ,,,w.. : i m u w
bk o ! ; ¢
1l 1l T | | !
| m : I : ¥
Ty i i o ! ! '
¢ & g Y-
. N O — o v S
< = NOILOFHId NWN10D ™ PRI S S S— K
N o w 2 L e N
- o~ = T2 e T3 s
g o [0 L
~ o 3o
. =
L O
L

HH

305



US 9,401,704 B2

Sheet 13 of 15

Jul. 26, 2016

U.S. Patent

OME
d3LINIHd 43SV X
.=
N
) ;
0119
o 0609
e
el
yd
f
1809
WNOQY H0120d
€l Ol

009

NOOH T041INOD

RWWM

WOOYH AVY-X




U.S. Patent Jul. 26, 2016 Sheet 14 of 15 US 9,401,704 B2
FIG. 14
EMBODIMENT | EMBODIMENT | EMBODIMENT
1-1 1-2 1-3
T1 6010 6010 6010
CW?B'}\EL T2 6010 6010 6010
W(um)” T3 6010 6010 6010
CHANNEL T4 60710 60710 60710
LENGTH [ T5=T5 3010 3010 3010
L(um) | T6=T6 | 100010 | 100010 | 100010
T7=T7 50010 50010 50010
T8=T8 8310 3010 1510
T9=T9’ 1010 1010 6010
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ACTIVE MATRIX PANEL, DETECTION
APPARATUS AND DETECTION SYSTEM

This application is a division of Application Ser. No.
13/897,590 filed May 20, 2013.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an active matrix panel, a
detection apparatus and a detection system.

2. Description of the Related Art

An active matrix panel having an array of pixels (pixel
array) including switching elements, such as thin film tran-
sistors (TFTs) is manufactured using a thin film semiconduc-
tor manufacturing technology. In recent years, in the active
matrix panel, a system-on-panel design is required to be
adopted. This design involves integrally forming drive cir-
cuits, such as gate driver circuits, on a substrate in a TFT
process. Particularly, for a detection apparatus having an
array of pixels (pixel array) where a switching element and a
conversion element, such as a photoelectric conversion ele-
ment, are combined, the system-on-panel design is required
in order to reduce the pixel pitch, the number of components
and the border width. The system-on-panel-type gate driver
circuit used for such a detection apparatus has the following
technical problems.

(1) Function of Switching the Number of Driving Gate
Lines

A drive circuit sequentially applies a voltage (conducting
voltage) for making pixel TFTs connected to one to a several
gate lines be conductive. In the case where the number of gate
lines to be driven at one time is one, the mode is a normal
(high resolution) mode. In the case where the number is
plural, the mode is a pixel addition (high sensitive) mode, in
which light signal charges of pixels are added. Particularly, in
a radiation detection apparatus, these modes can be switched
to acquire optimal images while radiation exposure doses to
patients are suppressed.

(2) Stabilization of Gate Line Potential During Non-Se-
lected Period

Even in atime period where a conducting voltage is applied
to a certain gate line, no conducting voltage is applied to most
of gate lines. When the gate lines come into a floating state,
the voltage of the gate line varies owing to capacitance cou-
pling with a signal line and external electromagnetic fields,
thereby reducing readout image quality. Particularly, an
active matrix panel for a radiation detection apparatus has
gate lines about three times as many as those of a display
device, while measuring the charge amount of pixels at high
resolution. Accordingly, it is particularly important to stabi-
lize the gate line voltage during a time period (non-selected
period) where no conducting voltage is applied.

U.S. 2008/0316156 discloses a drive circuit for a liquid
crystal display device (LCD) as a circuit that solves problems
analogous to the above problems. The drive circuit is formed
as single-conducting TFT integrally with a substrate. The
drive circuit in U.S. 2008/0316156 includes a shift register
and a scan voltage generation circuit. The scan voltage gen-
eration circuit functions as a demultiplexer that branches the
output voltage of the shift register into a plurality of gate lines.
The number of gate lines driven at a time can be changed by
controlling the timing of clocks to be provided to a scan
voltage generation circuit. The shift register can output not
only a main output signal (first shift pulse voltage) but also a
complementary output signal thereof (second shift pulse volt-
age). Through use of these signals, during the most of the
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non-selected period, the gate lines are connected to a DC
power source and the floating state of the gate line can be
avoided.

However, since the shift register in U.S. 2008/0316156
outputs two types of output signals, which are the first and
second shift pulses, this register has a complicated circuit
configuration. The shift register in U.S. 2008/0316156
includes 18 TFTs for each unit circuit. Even if redundant
TFTs, such as Trl and Tr2 in FIG. 4 in U.S. 2008/0316156 are
counted as one TFT, the register includes 10 TFTs for each
unit circuit. The drive circuit with such a complicated circuit
configuration has a large layout area, and causes reduction of
manufacturing yield.

The present invention has an object to reduce the layout
area of a drive circuit for gate lines in an active matrix panel
and improve the manufacturing yield.

SUMMARY OF THE INVENTION

An active matrix panel of the present invention includes: a
gate line connected to control electrodes of a plurality of
transistors; and a drive circuit supplying the gate line with a
conducting voltage and a non-conducting voltage, wherein
the drive circuit includes a shift register including a plurality
of shift register unit circuits connected to each other, and a
demultiplexer including a plurality of demultiplexer unit cir-
cuits into which output signals of the shift register unit cir-
cuits are input, the demultiplexer unit circuit includes a first
transistor for supplying the gate line with the conducting
voltage, and a second transistor for supplying the gate line
with the non-conducting voltage, and the first transistor is
changed from a non-conducting state into a conducting state
when the second transistor is in the conducting state.

The present invention can reduce a circuit scale of the shift
register and the layout area of the drive circuit, and improve
the manufacturing yield.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a configurational example
of an active matrix panel according to a first embodiment.

FIG. 2A is a diagram illustrating a configurational example
of a drive circuit relating to the first embodiment.

FIG. 2B is a diagram illustrating a configurational example
of a shift register unit circuit.

FIG. 2C is a diagram illustrating a configurational example
of'a demultiplexer unit circuit.

FIG. 3 is a timing chart illustrating an example of an
operation of a shift register relating to the first embodiment.

FIG. 4 is a circuit diagram illustrating in detail a leading
section of the drive circuit relating to the first embodiment.

FIG. 5 is a timing chart illustrating an example of an
operation in a normal mode relating to the first embodiment.

FIG. 6 is a timing chart illustrating an example of an
operation in a pixel addition mode relating to the first embodi-
ment.

FIG. 7A is a timing chart illustrating an example of an
operation of an odd frame in an interlace mode relating to the
first embodiment.

FIG. 7B is a timing chart illustrating an example of an
operation of an even frame in an interlace mode relating to the
first embodiment.

FIG. 8 is a diagram illustrating a configurational example
of an active matrix panel relating to a second embodiment.
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FIG.9A is a diagram illustrating a configurational example
of a drive circuit relating to the second embodiment.

FIG. 9B is a diagram illustrating a configurational example
of a shift register unit circuit relating to the second embodi-
ment.

FIG. 10 is a circuit diagram illustrating in detail a leading
section ofthe drive circuit relating to the second embodiment.

FIG. 11 is a timing chart illustrating an example of an
operation in a normal mode relating to the second embodi-
ment.

FIG. 12A is a schematic plan view illustrating a configu-
rational example of pixels of a radiation detection apparatus.

FIG. 12B is a schematic sectional view illustrating a con-
figurational example of the pixels.

FIG. 13 is a diagram illustrating a configurational example
of a radiation detection system.

FIG. 14 is a diagram illustrating examples of channel
widths and channel lengths of thin film transistors in the first
embodiment.

FIG. 15 is a diagram illustrating examples of channel
widths and channel lengths of thin film transistors in the
second embodiment.

DESCRIPTION OF THE EMBODIMENTS

Preferred embodiments of the present invention will now
be described in detail in accordance with the accompanying
drawings.

First Embodiment

FIG. 1 is a diagram illustrating a configurational example
of a detection apparatus including an active matrix panel
according to a first embodiment of the present invention. As
illustrated in FIG. 1, a detection apparatus 100 includes a
pixel array in which pixels 110 are arranged into a matrix on
an insulating substrate 101. In this embodiment, the pixel
array is arranged into M rows and N columns, where M is an
even number. The pixel 110 includes a conversion element
111 converting radiation or light into a charge, and a switch-
ing element (transistor) 112 outputting an electric signal
according to the converted charge. A first electrode of the
conversion element 111 is electrically connected with one of
a source and a drain of the switching element 112. A second
electrode of the conversion element 111 is electrically con-
nected with an electrode wiring 180. The other one of the
source and the drain of the switching element 112 is electri-
cally connected with a signal line 170. A plurality of signal
lines 170 (N lines) are arranged in a column direction. Each
signal line is connected, in a shared manner, to the other ones
of the sources and the drains of the switching elements 112
arranged in the column direction. The signal lines are further
connected to an external readout circuit 130 via respective
connection terminals S1 to Sn. The control electrodes (gate
electrodes) of the switching elements 112 are electrically
connected with a gate line 160. A plurality of gate lines 160
(M lines) are arranged in a row direction. Each gate line is
connected, in a shared manner, to the gates of the switching
elements 112 arranged in the row direction. The gate lines are
further connected to a drive circuit 120 provided on the insu-
lating substrate 101. The drive circuit 120 supplies the gate
line 160 with a conducting voltage and a non-conducting
voltage.

The drive circuit 120 is connected to a power source 140
via connection terminals Vdd and Vss, and connected to a
controller 150 via connection terminals VCL1, VCL2, ST,
GCL1 and GCL2. The power source 140 supplies the elec-
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4

trode wiring 180 with a voltage V to be supplied to the
conversion element 111, and supplies the drive circuit 120
with a first voltage V , , for causing the switching element 112
to be in a conducting state, and a second voltage V  for
causing the element to be in a non-conducting state. The
controller 150 supplies the drive circuit 120 with a start signal
®OST, clock signals ®VCL1 and ®VCL2 of a shift register
190, and clock signals ®GCL1 and PGCL2 of a demulti-
plexer 195 (FIG. 2A). The start signal ®ST is a signal for
starting operation of the shift register 190 (FIG. 2A). The
maximum voltage value of the start signal ®ST, the clock
signals ®VCL1, ®VCL2, ®GCL1 and ®GCL2 is V5, and
the minimum voltage value thereof is V . The clock signals
®VCL1 and ®VCL2 have phases different from each other
by 180 degrees. The V,, and Vg are set so as to satisfy
IV pp=VsI>2V 1, where a threshold voltage V,,, is of thin
film transistors configuring the drive circuit 120.

FIG. 2A is a diagram illustrating a configurational example
ofthe drive circuit 120. The drive circuit 120 includes the shift
register 190 and the demultiplexer 195. The shift register 190
includes at least M/2 shift register unit circuits 191 connected
to each other. The shift register unit circuits 191 are denoted
by A(1), A(2), . . ., A(M/2) from the head thereof. As illus-
trated in FIG. 2B, the shift register unit circuit A(n) has signal
input terminals SET, RESET and VCLK, a power source
input terminal VSS and a signal output terminal SOUT. A
signal input terminal SET of the shift register unit circuit A(n)
is connected with the signal output terminal SOUT ofthe shift
register unit circuit A(n-1). In addition, the start signal ®ST
is input into the signal input terminal SET of the shift register
unitcircuit A(1). The signal input terminal RESET of the shift
register unit circuit A(n) is connected with the signal output
terminal SOUT of the shift register unit circuit A(n+1). A
desired control signal generated by the controller 150 or the
like may be input into the signal input terminal RESET ofthe
shift register unit circuit A(M/2) at the final stage, for securely
finishing the shift register operation. The clock signal
DV CL1 is input into the signal input terminal VCLK of the
odd-numbered shift register unit circuits A(n). The clock
signal ®VCL.2 is input into the signal input terminal VCLK of
the even-numbered shift register unit circuits A(n). The sec-
ond voltage V. is input into the power source input terminal
VSS of the shift register unit circuit A(n). The signal output
terminal SOUT of the shift register unit circuit A(n) is con-
nected with signal input terminals DIN of after-mentioned
demultiplexer unit circuits B(2rz-1) and B(2#).

The demultiplexer 195 includes M or more demultiplexer
unit circuits 196. The demultiplexer unit circuits 196 are
denoted by B(1), B(2), . . ., BMM) from the head thereof. In
this embodiment, two demultiplexer unit circuits 196 corre-
spond to one shift register unit circuit 191. The demultiplexer
unit circuits 196 receive output signals of the shift register
unit circuits 191. As illustrated in FIG. 2C, the demultiplexer
unit circuit B(n) includes signal input terminals DIN and a
GCLK, power source input terminals VDD and VSS, and a
signal output terminal DOUT. The clock signal ®GCL1 is
input into the signal input terminal GCLK of the odd-num-
bered demultiplexer unit circuits B(n). The clock signal
DGCL2 is input into the signal input terminals GCLK of the
even-numbered demultiplexer unit circuits B(n). The first
voltage V,, and the second voltage V¢ are input into the
respective power source input terminals VDD and VSS of'the
demultiplexer unit circuit B(n). The signal output terminals
DOUT of the demultiplexer unit circuit B(n) is connected
with the respective gate line corresponding thereto.

FIG. 2B illustrates an example of an internal configuration
of the shift register unit circuit A(n). The shift register unit
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circuit A(n) includes thin film transistors T1 to T4 and a
capacitance element C1. FIG. 2C illustrates an example of an
internal configuration of the demultiplexer unit circuit B(n).
The demultiplexer unit circuit B(n) includes thin film transis-
tor T5 to T9 and a capacitance element C2. A first transistor
T6 is a transistor for supplying the conducting voltage to the
gate line 160 via the output terminal DOUT. A second tran-
sistor T7 is a transistor for supplying the non-conducting
voltage to the gate line 160 via the output terminal DOUT.
The thin film transistors T8 and T9 form an E/E inverter of
which power source voltages are V,, and V ¢, respectively.
The inverter includes a third transistor T8 supplying the first
voltage V,, to the control electrode (gate electrode) of the
second transistor T7, and a fourth transistor T9 supplying the
second voltage V¢ to the control electrode of the second
transistor T7. The inverter receives the potential of the mutual
connection node DOUT of the first transistor T6, the second
transistor T7 and the gate line 160 as an input signal, and
outputs a signal inverted from the input signal to the control
electrode of the second transistor T7. In the case where the
input voltages to the inverter (the gate voltage of the thin film
transistor T8 and the source voltage of the thin film transistor
T9) are V,,, and V4, respectively, the output voltage of the
inverter, thatis, avoltage Vratapointris V; or V.. V=V~
V 5 1s satisfied. V; varies according to [z, which is the W/L
ratio of the thin film transistor T9 with respect to the W/L ratio
of the thin film transistor T8.

Pro=(Wo/Lo)/(We/Lg),

where, hereinafter, W denotes the channel width, L. denotes
the channel length, and the subscript denotes the correspond-
ing transistor number (T1, T2, .. .). For instance, the channel
width and the channel length of the first transistor T6 are
defined as W and L, respectively. The channel width and the
channel length of the second transistor T7 are defined as W,
and L., respectively. The channel width and the channel
length of the third transistor T8 are defined as Wg and L. The
channel width and the channel length of the fourth transistor
T9 are defined as Wg and L. Three or more demultiplexer unit
circuits 196 can be connected to one shift register unit circuit
191. For instance, in the case of connecting four demulti-
plexer unit circuits 196 to one shift register unit circuit 191,
the number of shift register unit circuits 191 is at least M/4,
and four series of clock signal, such as ®GCL1 to PGCLA4,
are adopted. Each of the thin film transistors configuring the
switching element 112 and the drive circuit 120 may be made
of any of amorphous semiconductor material (e.g., amor-
phous silicon), polycrystalline semiconductor material (e.g.,
polycrystalline silicon), organic semiconductor material, and
oxide semiconductor material.

Next, operations of the drive circuit 120 will be described
separately regarding (1) shift register and (2) demultiplexer.
Here, the threshold voltage of each of the thin film transistors
T1 to T9 is V 5. In the case where the threshold voltages of
the thin film transistors are different from each other, if the
average value of the threshold voltages of the related thin film
transistors is defined as V ., the following discussion can be
made effective.

(1) Shift Register

Referring to FIGS. 2A, 2B and 3, the operation of the shift
register 190 will be described. The start signal ®ST is input
into the signal input terminal SET of the shift register unit
circuit A(1). The clock signal ®VCL1 is input into the signal
input terminal VCLK. The output signal VSOUT(2) of the
shift register unit circuit A(2) is input into the signal input
terminal RESET. The output signal VSOUT(1) of the shift
register unit circuit A(1) is input into the signal input terminal
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SET of the shift register unit circuit A(2). The clock signal
®VCL2 is input into the signal input terminal VCLK. The
output signal VSOUT(3) of the shift register unit circuit A(3)
is input into the signal input terminal RESET.

FIG. 3 is atiming chart illustrating the operation of the shift
register 190. This diagram also illustrates the temporal varia-
tion of the voltage Vp(1) at a point p in the shift register unit
circuit A(1) at the first stage.

First, the operation of the shift register unit circuit A(1) is
discussed. At time t11, when the start signal ®ST rises, the
voltage Vp(1) is increased by the thin film transistor T1 to
about V 5,5~V 74, and the thin film transistor T2 comes into
the conducting state. At time t12, the start signal ®ST falls
and the clock signal ®VCL1 rises. The clock signal ®VCL1
is input into the signal input terminal VCLK of the shift
register unit circuit A(1), and the gate electrode and the source
electrode of the thin film transistor T2 are connected to each
other via the capacitance element C1. Accordingly, the volt-
age Vp(1) is increased to about (2V 5=V ¢~V 75 (bootstrap
operation). Here, if (Q2Vpp-Ve—V)>Vop+tVon)s
VSOUT (1)=V 5. Attime t13, when the clock signal DVCL1
falls and the clock signal ®VCL2 rises, VSOUT(2)=V
holds. Accordingly, the thin film transistors T3 and T4
become conductive, and VSOUT(1)=V 4, holds.

Next, the operation of the second shift register unit circuit
A(2) is discussed. The shift register unit circuit A(2) is trig-
gered by the state of VSOUT(1)=V ,,, at time t12 to operate in
a manner analogous to the shift register unit circuit A(1) with
a delay of a prescribed time period (=t13-t12) from the shift
register unit circuit A(1).

Likewise, the shift register unit circuit A(n+1) operates in a
manner analogous to the shift register unit circuit A(n) with a
delay of the prescribed time from the shift register unit circuit
A(n). The repetitive operations allow the shift register 190 to
sequentially supply the VSOUT(n) with the V,,, voltage
pulse, as illustrated in FIG. 3.

(2) Demultiplexer

Referring to FIGS. 2A, 2C, 4, 5 and 6, the operations of the
demultiplexer 195 will be described. FIG. 4 is a circuit dia-
gram illustrating a leading section of the drive circuit 120 in
detail. This diagram illustrates the shift register unit circuit
A(1) and the demultiplexer unit circuits B(1) and B(2). The
output voltages at the signal output terminals DOUT of the
demultiplexer unit circuits B(1) and B(2) are defined as out-
put voltages Vg(1) and Vg(2) to the gate lines on the first and
second rows, respectively. The demultiplexer 195 can operate
in any of a normal mode, a pixel addition mode and an
interlace mode.

(2-1) Normal Mode

FIG. 5 is a timing chart illustrating the operations of the
demultiplexer unit circuits B(1) and B(2) in the normal mode.
The clock signals ®GCL1 and ®GCL2 have phases different
from each other by 180 degrees. The temporal variation in
voltages Vq(1), Vq(2), Vr(1) and Vr(2) at points q and r in the
demultiplexer unit circuits B(1) and B(2) are also illustrated.
Hereinafter, the operations will be sequentially described.

(A) Before Time t21

VSOUT(1)=Vq(1)=Vq(2)=Vss holds and the thin film
transistors 16 and T6' are in the non-conducting state.
Vr(1)=Vr(2)=V,, and Vg(1)=Vg(2)=V s are satisfied. The
thin film transistors T7 and T7' are in the conducting state.

(B) Time 121

When VSOUT(1)=V ,, is satisfied, the voltages Vq(1) and
Vq(2) are charged to V5,V 5. As a result, the thin film
transistors T6 and T6' are in the conducting state until after-
mentioned time 126. ®PGCL1=PGCL2=V g, and Vr(1)=Vr
(2)=V, are satisfied. The thin film transistors T7 and T7' are
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in the conducting state. Vg(1)=Vg(2)=V i is satisfied. That is,
the first transistors T6 and T6' are changed from the non-
conducting state to the conducting state when the second
transistors T7 and T7' are in the conducting state.

(C) Time 122

The gate line has a parasitic resistance R, ,,,, and a parasitic
capacitance C,,,,, whose components are resistances of
metal materials, intersection capacitance between the gate
lines and the signal lines in the pixel region, and intersection
capacitances with various wirings up to the pixel region.
Accordingly, the gate line is charged and discharged with a
delay ofaboutt=R,,,,,xC,,,,, (sec.). At the instant of time t22,
when the clock signal ®GCL1 rises, the voltage Vg(1) is not
immediately changed, and Vg(1)=V,, Ve(1)=Vp~-Vm
and Vr(1)=V; are satisfied. The thin film transistor T7 is in
the conducting state.

(D) Time t23

When about a time period T elapses after time 122, the
voltage Vq(1) is increased to 2V ,,—V o~V 7yand the voltage
Vg(1) becomes a constant value (=V ) because the gate
electrode and the source electrode of the thin film transistor
T6 are connected to each other via the capacitance element
C2. At this time, the voltage Vr(1) becomes a value (=V;)
determined by the channel resistance ratio of the thin film
transistors T8 and T9, and the thin film transistor T7 comes
into the non-conducting state. As described above, after the
voltage Vg(1) of the gate line 160 is changed to the conduct-
ing voltage V., the fourth transistor T9 becomes conduc-
tive, the voltage Vr(1) becomes the voltage V,, and the second
transistor T7 comes into the non-conducting state. After the
voltage of the gate line 160 is changed to the conducting
voltage V 5, the voltage Vr(1) of the control electrode of the
second transistor T7 becomes the voltage V; that is not more
than the threshold voltage V ., of the second transistor T7.

(E) Time 124

Atthe instant of time 124, when ®GCL1=V i gets satisfied,
the voltage Vg(1) is not immediately changed, as with time
122, and Vg(1)=V 5, Vq(1)=2V ,p—V s~V rpand Vr(1)=V,
are satisfied. The thin film transistor T7 is in the non-conduct-
ing state.

(F) Time t25

When about a time period T elapses after time 124, the
voltage Vq(1) is reduced to V-V, Vg(1)=Vs and
Vr(1)=V are satisfied. The thin film transistor T7 comes into
the conducting state. Then, up to time t26, the state where
DGCL1=V s and Vg(1)=V i are satisfied is maintained.

(G) After time 125

The demultiplexer unit circuit B(2) operates in a manner
analogous to the above ones. That is, voltages Vq(2), Vr(2)
and Vg(2) and the conducting/non-conducting state of the
thin film transistor T7' vary according to transition of the
clock signal ®GCL2, as described above.

(H) Time t26

VSOUT(1)=V, is satisfied. The thin film transistors T6
and T6' come into the non-conducting state. Both the thin film
transistors T7 and T7' are in the conducting state. Vg(1)=Vg
(2)=V s and Vr(1)=Vr(2)=V, are satisfied.

() After time 126

Unless the VSOUT(1) becomes V,,, again, the thin film
transistors T6 and T6' are maintained in the non-conducting
state. Both the thin film transistors T7 and T7' are maintained
in the conducting state. The state where Vg(1)=Vg(2)=V s
and Vr(1)=Vr(2)=V, are satisfied is stably maintained. That
is, irrespective of the states of the clock signals ®GCL.1 and
DGCL2, the gate lines on the first and second rows are con-
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nected to the second voltage V ¢ by the thin film transistors T7
and T7', which are in the conducting state, and are not in the
floating state.

As described above, from (A) to (1), at least one of the thin
film transistors T6 and T7 (T6' and T7') is in the conducting
state. Accordingly, the gate line on the first row (second row)
does not come into the floating state. In conformity with the
operations of the shift register unit circuit A(2), A(3), . .., the
demultiplexer unit circuit B(3) and subsequent circuits oper-
ate in an analogous manner. The gate lines on and after the
third row are not in the floating state.

Typically, the power source 140 has more current supply-
ing capacity than the controller 150 has, and is more resistant
to noise due to external electromagnetic fields. To improve
the image quality of the detection apparatus 100, the gate line
during the time period where the first voltage V,, are not
applied can be connected not only to the clock signal @GCL1
generated by the controller 150 but also to the second voltage
Vs supplied by the power source 140. In this embodiment,
the time period where the thin film transistor T7 (correspond-
ing to Tr28 in U.S. 2008/0316156) is in the conducting state
is longer than that in U.S. 2008/0316156. As a result, this
embodiment allows the gate line during the non-selected
period to be connected to the second voltage V¢ in a longer
time and high image quality can be achieved.

(2-2) Pixel Addition Mode

FIG. 6 is a timing chart illustrating operations of demulti-
plexer unit circuits B(1) and B(2) in the pixel addition mode.
The pixel addition mode is different from the normal mode in
that the clock signals ®GCL1 are ®GCL2 have the same
phase. Accordingly, the gate line potentials on the odd-num-
bered and even-numbered rows can be driven at the same
time. As a result, the combined signal charges of the pixels
110 on two rows selected by the drive circuit 120 can be read
by the readout circuit 130.

(2-3) Interlace Mode

FIG. 71is atiming chart illustrating operations of the demul-
tiplexer unit circuits B(1) and B(2) in the interlace mode. The
interlace mode is different from the normal mode in that the
pulses of the first voltage V ,, are supplied only to the clock
signal ®GCL1 on the odd frames and the pulses of the first
voltage V,, are supplied only to the clock signal ®GCL2 on
the even frames. U.S. 2008/0316156 discloses driving opera-
tion in such amode. However, in U.S. 2008/0316156, both the
odd-numbered and even numbered rows are connected to a
common shift register unit circuit. Accordingly, on the odd
frames, the thin film transistors T7' connected to gate lines on
even-numbered rows where signals are not read are also in the
non-conducting state. In this embodiment, the thin film tran-
sistors T7' in the odd frames (the thin film transistors T7 in the
even frames) are always in the conducting state. As a result, in
this embodiment, high image quality can be achieved. In
particular, in the case of connecting three or more demulti-
plexer unit circuits 196 to one shift register unit circuit 191,
the image quality is expected to markedly be improved
according to this embodiment.

FIG. 14 illustrates an example of the channel width and the
channel length of each thin film transistor applicable to this
embodiment. It is defined that C1=0.5 pF and C2=10 pF.
From time 22 to time t23, the inverter is securely inverted,
and the voltage V(1) is increased to V5. Accordingly, the
WI/L ratio (=(W4/Ls)/(W/L,)) of the thin film transistor T6
with respect to the W/L ratio of the thin film transistor T7 is
set to have at least an equal value. For instance, in this
embodiment, the value is two. To allow the thin film transistor
T7 at time t23 to substantially be regarded as the non-con-
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ducting state, any of the following conditions (a) and (b) are
required to be satisfied at the same time.

(a) Channel Resistance of the Thin Film Transistor T7 100
Times or More as High as the Channel Resistance of the Thin
Film Transistor T6

To allow the thin film transistor T7 at time t23 to substan-
tially be regarded as the non-conducting state, the voltage
error of the output voltage Vg(n) at the this time is required to
be 1% or less, i.e., A=(Vp,—Vgm)/(Vpp—Vss)z0.01 is
required to be satisfied. To satisfy this condition, the channel
resistance of the thin film transistor T7 is required to be 100
times or more as high as the channel resistance of the thin film
transistor T6 at the same time. That is, after the voltage of the
gate line 160 is changed to the conducting voltage V,,, the
channel resistance ratio of the second transistor T7 to the first
transistor T6 is required to be 100 times or more.

To verify whether the condition is satisfied or not, the
voltage Vg(n) at the same time may be actually measured.
Instead, through use of an appropriate circuit model (RPI
a-Si:H TFT model or RPI poly-Si TFT model), the SPICE
simulation on the drive circuit 120 may be performed to
acquire the voltage Vg(n). Instead, if the W/L of the thin film
transistors T6 to T9 are selected so as to satisfy the following
relationship, the condition can be regarded as satisfied. In the
case where the channel resistances of T6 to T9 are estimated
according to the gradual channel approximation, it can be
estimated that A<0.01 by selecting (W4/Ls)/(W,/L,) and
Pre=(Wo/Lo)/(Wg/Lg) so as to satisfy the relationship of the
following expression.

Bro = (Vpp = ViL - V)*
Ro =
2Vpp — Vss = Vrm)(Vir — Vss) — (Vi — Vss)*

1 Weg/Lg
Vie=Vss+ Vg + | —
1= Vss +Vry \/ 100 w,/1,

-2(Vpp — Vss)(Vpp = Vss —2Viw)

where V; denotes the voltage between the gate and source of
the thin film transistor T7 when the channel] resistance of the
thin film transistor T7 is 100 times as high as the channel
resistance of the thin film transistor T6. Thus, if V,,,=+12V,
Vo0 Vand V=44V, then V,;=+53 V and P,20.12 are
satisfied. In the embodiments 1-1, 1-2 and 1-3 having the
channel widths and the channel lengths as shown in FIG. 14,
the relationship of the above expression is satisfied.

(b) Output Voltage V; of Inverter is Threshold Voltage V 5,
or Less

At time 123, if the output voltage V;, of the inverter is
threshold voltage (=V ;) of the thin film transistor T7 or less,
the thin film transistor T7 can be in a non-conducting state
more securely than under the condition (a). To verify whether
the condition is satisfied or not, the voltage between the gate
and the source of the thin film transistor T7 at the same time
may be actually measured. Instead, the SPICE simulation on
the drive circuit 120 may be performed to acquire the voltage
between the gate and the source of the thin film transistor T7.
To acquire threshold voltage V ;,, the transfer characteristic
(Ids—Vgs characteristic) may be measured on a thin film
transistor equivalent to the thin film transistors configuring
the drive circuit 120. According to specific procedures, the
voltage Vds between the drain and the source of the thin film
transistor is set to about V-V (e.g., +12 V), the voltage
Vgs between the gate and the source is swept to measure the
current Ids between the drain and the source in the saturation
range. V-, denotes a point where a linear part of the plots
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according to V(Ids)-Vgs are extrapolated on the x-axis.
Instead, if W/L ratios of the thin film transistors T8 and T9 are
selected to satisfy the following relationship, the condition
can be regarded as satisfied. In the case of estimating the
voltage V; according to the gradual channel approximation,
selection of Pze satistying the following relationship allows
V=V 10 be satisfied.

Bro = (Vop — 2V )
Ro Z
2Vpp — Vss = Vo )(Vry — Vss) — (Vi — Vss)?

HV=+12V,V =0V and V ;=+4 V, z=0.33 is satis-
fied. In the embodiments 1-2 and 1-3, the relationship of the
above expression is satisfied.

[ ze may further be made greater than in the condition (b).
The greater [, is, the further the output voltage V, of the
inverter from time t22 to t25 is reduced, which can advance
transition of the thin film transistor T7 to the non-conducting
state at time t23. Thus, the delay time from time t22 to time
123 can be reduced. That is, the delay time t23-t22 in the
embodiment 1-3 is reduced in comparison with those in
embodiments 1-1 and 1-2.

In this embodiment, the simple shift register 190 as illus-
trated in FIGS. 2A and 2B can be used. Accordingly, the
circuit scale of the shift register 190 can be reduced. This
reduction can, in turn, achieve reduction in layout area of the
drive circuit 120 and improvement in manufacturing yield.
Furthermore, the gate line voltage can be prevented from
becoming the floating state. Accordingly, in the detection
apparatus 100 including the active matrix panel, the readout
image quality can be improved. In particular, a radiation
imaging apparatus, which has many gate lines and is required
to measure the charge amounts of pixels 110 at high resolu-
tion, significant improvement in image quality can be
expected because the gate line potential in the non-selected
period is stable. It is a matter of course that, in the case of
applying this embodiment to a display device, such as an
LCD, reduction in circuit scale and layout area, improvement
in manufacturing yield and display image quality can be
expected.

Second Embodiment

FIG. 8 is a diagram illustrating a configurational example
of a detection apparatus including an active matrix panel
according to a second embodiment of the present invention.
FIG. 9A is a diagram illustrating configurational examples of
a shift register 190 and a demultiplexer 195 in a drive circuit
120. The second embodiment is different from the first
embodiment (FIGS. 1 and 2A) in that a third voltage V5
supplied to the drive circuit 120 is added according to a
manner similar to that using the first voltage V,, and the
second voltage V.. Note that Vo<V ,,-V - is satisfied.
The internal configuration of the shift register unit circuit
A(n) of this embodiment is the same as that of the first
embodiment (FIG. 2B).

FIG. 9B illustrates an internal configurational example of
the demultiplexer unit circuit B(n). The demultiplexer unit
circuit B(n) includes not only the thin film transistors T5 to T9
and the capacitance element C2 identical to those in the first
embodiment but also a thin film transistor T10. The fifth
transistor T10 is connected between the control electrode of
the second transistor T7 and the node of the third voltage V ;.
The demultiplexer unit circuit B(n) includes not only the
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terminals DIN, DOUT, GCLK, VDD and VSS identical to
those in the first embodiment but also a power source input
terminal VGG.

Next, the operation of the drive circuit 120 will be
described. The operation of the shift register 190 is analogous
to that in the first embodiment. Also in this embodiment, the
demultiplexer 195 operates in any of the normal mode, the
pixel addition mode and the interlace mode. Hereinafter, only
the operation of the demultiplexer 195 in the normal mode
will be described.

FIG. 10 is a circuit diagram illustrating a leading section of
the drive circuit 120 in detail. This diagram includes a shift
register unit circuit A(1) and demultiplexer unit circuits B(1)
and B(2). The output voltages of the terminals DOUT of the
demultiplexer unit circuits B(1) and B(2) are output voltages
Vg(1) and Vg(2) to the gate lines on first and second rows,
respectively.

FIG. 11 is a timing chart illustrating the operations of the
demultiplexer unit circuits B(1) and B(2) in the normal mode.
Clock signals ®GCL1 and ®GCL2 have phases different
from each other by 180 degrees. The temporal variations in
voltages Vq(1), Vq(2), Vr(1) and Vr(2) at points q and r in the
demultiplexer unit circuits B(1) and B(2) are also illustrated.
Hereinafter, the operations will be sequentially described.

(A) Before Time t31

VSOUT(1)=Vq(1)=Vq(2)=V s is satisfied. The thin film
transistors 16 and T6' are in the non-conducting state.
Vr(1)=Vr(2)=V, and Vg(1)=Vg(2)=V 4 are satisfied. Both
the thin film transistors T7 and T7" are in the conducting state.

(B) Time t31

When VSOUT(1)=V ,, is satisfied, the voltages Vq(1) and
Vq(2) are charged to V5~V . As a result, until an after-
mentioned time t36, the thin film transistors T6 and T6' are in
the conducting state. This embodiment is different from the
first embodiment in that the thin film transistors T10 and T10'
are conductive. Accordingly, the voltages Vr(1) and Vr(2)
become a voltage V,, which is determined by the channel
resistance ratio of the thin film transistors T8 and T10 (T8' and
T10"). Here, V,;, can be estimated by the following expres-
sion.

1+ Brio = (1 + Brio)* = (1 + Brio)

L+ Brio

V2 =Vec + (Vop = Vae — Vru)-

where if the channel width and the channel length of the fifth
transistor T10 are W, jand L ,, respectively, Bz, ,=(W, /L)
(Wg/Lg) is satisfied. Py, 1s selected such that V=V 4, is
satisfied. Since V , is at least the threshold voltage (=V ;) of
the thin film transistors T7 and T7", the thin film transistors T7
and T7' are in the conducting state. Since V ;5<V 5, is satisfied,
V<V, is satisfied. The thin film transistors T7 and T7' in
this embodiment have higher channel resistances than those
in the first embodiment. That is, the thin film transistors T7
and T7' in this embodiment are in a conducting state weaker
than in the first embodiment.

(C) Time t32

At the instant of time t32, when the clock signal ®GCL1
rises, the voltage Vg(1) is not immediately changed, and
Vg(1)=Vss, Vq1)=V pp=V 7 and Vr(1)=V,,, are satisfied.
The thin film transistor T7 is maintained to be in a weak
conducting state.

(D) Time t33

When about a time period T elapses after time 132, the
voltage Vq(1) is increased to 2V 5=V ¢~V 74, and the volt-
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age Vg(1) becomes the constant value (=V ). At this time,
the voltage Vr(1) becomes a value (=V,) determined by the
channel resistance ratios of the thin film transistors T8, T9 and
T10, and the thin film transistor T7 comes into the non-
conducting state.

(E) Time t34

Atthe instant of time t34, when ®GCL1=V ., gets satisfied,
the voltage Vg(1) is not immediately changed as with time
132, and Vg(1)=V 5,5, Vq(1)=2V 5, ,~ V-V rand Vr(1)=V
are satisfied. The thin film transistor T7 is in the non-conduct-
ing state.

(F) Time t35

When about a time period T elapses after time t34, the
voltage Vq(1) is reduced to V,,~V . Vg(1)=V, and
Vr(1)=V,, are satisfied, and the thin film transistor T7 comes
into a weak conducting state equivalent to that at time t31.
Then, up to time t36, a state where ®GCLI1=V ; and
Vg(1)=V s are satisfied is maintained.

(G) After time t35

The demultiplexer unit circuit B(2) operates in a manner
analogous to the above ones. That is, the voltages Vq(2),
Vr(2) and Vg(2) and the conducting/non-conducting state of
the thin film transistor T7' vary according to transition of the
clock signal ®GCL 2, as described above.

(H) Time t36

VSOUT(1)=V g is satisfied, and the thin film transistors T6
and T6' come into the non-conducting state. Both the thin film
transistors T7 and T7' are in the conducting state, and
Vg(1)=Vg(2)=Vsand Vr(1)=Vr(2)=V are satisfied.

(D) After time t36

Unless VSOUT(1) becomes V ,,, again, the thin film tran-
sistors T6 and T6' are maintained in the non-conducting state.
Both the thin film transistors T7 and T7' are maintained in the
conducting state. The state where Vg(1)=Vg(2)=V,s and
Vr(1)=Vr(2)=V,, are satisfied is stably maintained. That is,
irrespective of the states of the clock signals ®GCL1 and
DGCL2, the gate lines on the first and second rows are con-
nected to the second voltage V ¢ by the thin film transistors T7
and T7' in the conducting state, and do not come into the
floating state.

As described above, from (A) to (1), at least one of the thin
film transistors T6 and T7 (thin film transistors T6' and T7") is
in the conducting state. Accordingly, the gate line on the first
row (second row) is not in the floating state. In conformity
with the operations of the shift register unit circuits A(2),
A(3), . . ., the shift register unit circuit B(3) and subsequent
circuits operate in an analogous manner. The gate lines on and
after the third row are not in the floating state.

FIG. 15 illustrates one example of the channel width and
the channel length and the voltage V5 of each thin film
transistor applicable to this embodiment. C1=0.5 pF and
C2=10 pF are satisfied. In this embodiment, the W/L ratio
(=(W4/Lg)/(W,/L,)) of the thin film transistor T6 to the W/L.
ratio of the thin film transistor T7 is set to be equivalent or
higher, as with the first embodiment. To allow the thin film
transistor T7 at time t33 to substantially be regarded as the
non-conducting state, any of the following conditions (¢) and
(d) is required to be satisfied at the same time.

(c) Channel Resistance of Thin Film Transistor T7 100
Times or More as High as Channel Resistance of Thin Film
Transistor T6

To allow the thin film transistor T7 at time t33 to substan-
tially be regarded as the non-conducting state, the channel
resistance of the thin film transistor T7 is required to be 100
times or more as high as the channel resistance of the thin film
transistor T6 at the same time in this embodiment, as with the
first embodiment. To verify whether the condition is satisfied
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or not, the voltage Vg(n) may be actually measured at the
same time or the SPICE simulation is performed to thereby
acquire the voltage Vg(n). Instead, if the estimated value of
the voltage Vr(n) at time t33 according to the following
expression is equal to or less than V,; defined in the first
embodiment, the channel resistance of the thin film transistor
T7 can be assumed to be 100 times or more as high as the
channel resistance of the thin film transistor T6.

Vr(n)=Vpp — Viu —

(Vop = Vri)* +2(Vop — Veu)(BroVss + BrioVac) —

(BraVes + BrioVac)

Vop — Vi )t —
(Voo = Vin) L+ Bro + Brio

HEV,p=+12V, V=0V, V=V t+2Vand V,=+4 V are
met, Vr(n)<V,, is satisfied in the embodiments 2-1, 2-2 and
2-3 having the channel widths and the channel lengths as
shown in FIG. 15.

(d) Output Voltage V of Inverter is V ,; or Less

At time t33, if the output voltage V; of the inverter can be
equal to or less than the threshold voltage (=V ;) of the thin
film transistor T7, the thin film transistor T7 can come into a
secure non-conducting state than under the condition (c). To
verify whether the condition is satisfied or not, the voltage
between the gate and the source of the thin film transistor T7
at the same time may be actually measured or the SPICE
simulation may be performed to acquire the voltage between
the gate and the source of the thin film transistor T7. Instead,
through use of the estimated value of the voltage Vr(n)
described in (¢), if Vr(n)<V ;4 is confirmed, the condition can
be considered as satisfied. In the embodiments 2-2 and 2-3,
the above relationship is satisfied.

In this embodiment, fz, and Pz;, may be increased more
than those under the condition (d), as with the first embodi-
ment. The greater frs and Pz, are, the more the output
voltage V; ofthe inverter from time t32 to time t35 is reduced,
which can advance transition of the thin film transistor T7 to
the non-conducting state at time t33. Thus, the delay from
time t32 to time t33 can be reduced. That is, the delay t33-132
in the embodiment 2-3 is shortened compared to that in the
embodiments 2-1 and 2-2. Furthermore, as with the embodi-
ment 2-4, V.=V ;s may be satisfied. In this case, the layouts
of the drive circuit 120 and the power source 140 can be
simplified.

Also in this embodiment, the simple shift register 190 can
be employed as with the first embodiment. Accordingly, the
circuit scale can be reduced. Thus, reduction in layout area of
the drive circuit 120 and improvement in manufacturing yield
can be achieved. As with the embodiment 2-3, the channel
width of the thin film transistor T10 (T10") can be selected to
be significantly small. Accordingly, adverse effects on the
layout area of the thin film transistor T10 (T10") is insignifi-
cant.

The circuit scale of the shift register 190 is reduced with
respect to the circuit scale of the entire drive circuit 120 to
thereby allow reduction in cost, because of the following
reasons. In processes of manufacturing thin film transistors,
defects of the thin film transistors due to particles occur at a
certain probability on each thin film transistor, irrespective of
the positions of the thin film transistors. As to the drive circuit
in the U.S. 2008/0316156, when the circuit scales are com-
pared between those of the scan voltage generation circuit and
the shift register, the circuit scale of the shift register is larger.
According to U.S. 2008/0316156, if any one of the thin film
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transistors in the shift register does not operate, the register
does not function as a product without being repaired. That is,
itis difficultto produce the drive circuitin U.S. 2008/0316156
at low cost in a factory with a high failure rate of thin film
transistors. On the contrary, in this embodiment, if the shift
register includes no failed thin film transistor and if a failed
thin film transistor occurs in the scan voltage generation
circuit, only one gate line does not operate (line defect
occurs), which causes no problem in some types of products.

Furthermore, the gate line voltage can be prevented from
entering the floating state. Accordingly, the readout image
quality of the detection apparatus including the active matrix
panel can be improved. Furthermore, the voltage Vr is
reduced before time t32, thereby causing the inverting opera-
tion of the inverter from time t32 to time t33 to be performed
more securely than in the first embodiment. Accordingly, in
this embodiment, more timing margin and voltage margin of
the clock signals ®GCL1 and ®GCL2 can be secured than in
the first embodiment.

Third Embodiment

FIGS. 12A and 12B are configurational examples of pixels
of a radiation detection apparatus including an active matrix
panel according to a third embodiment of the present inven-
tion. FIG. 12A is a plan view. FIG. 12B is a sectional view
taken along line 12B-12B of F1G. 12A. In this embodiment, a
switching element 112 is a top gate and double gate polycrys-
talline silicon thin film transistor. The switching element 112
has a configuration in which, on an insulating substrate 101,
apolycrystalline silicon layer including an intrinsic semicon-
ductor region 301 and a first conductive-type impurity semi-
conductor region 302, a first insulating layer 303 and a first
conductive layer 304 are stacked sequentially from the insu-
lating substrate 101. The intrinsic semiconductor region 301
functions as a channel of the thin film transistor. The impurity
semiconductor region 302 functions as one of the source and
the drain. The first insulating layer 303 functions as a gate
insulating layer. The first conductive layer 304 functions as
one of the gate and a gate line 160. The switching element 112
is covered with a second insulating layer 305. The second
insulating layer 305 functions as a passivation layer for the
switching element 112. A second conductive layer 306 pro-
vided on the second insulating layer 305 is connected to the
impurity semiconductor region 302 at a contact hole provided
in the second insulating layer 305 and the first insulating layer
303. The second conductive layer 306 connected to the impu-
rity semiconductor region 302, which is one of the source and
the drain, functions as a connection terminal to the conversion
element 110. The second conductive layer 306 connected to
the impurity semiconductor region 302, which is the other
one of the source and the drain, functions as a signal line 170.
The second conductive layer 306 is covered with a third
insulating layer 307. The third insulating layer 307 functions
as a passivation layer for the switching element 112 and the
signal line 170. The third insulating layer 307 is covered with
a fourth insulating layer 308. The fourth insulating layer 308
is made of an organic insulating material. The layer 308 is
prepared to have a large thickness, which allows this layer to
function as a flatting layer. The conversion element 111 is
provided on the fourth insulating layer 308. Conversion ele-
ments 111 correspond to the switching elements 112, and
convert radiation into charges. In this embodiment, the con-
version element 111 may include a scintillator 317 converting
radiation into light, and a photoelectric conversion element
converting the light into charges. The photoelectric conver-
sion element has a configuration in which a third conductive
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layer 310, a first conductive-type impurity semiconductor
layer 311, an intrinsic semiconductor layer 312, a second
conductive-type impurity semiconductor layer 313 and a
fourth conductive layer 314 are sequentially stacked from the
insulating substrate 101. The third conductive layer 310 func-
tions as a first electrode of the conversion element 111, and is
connected to the second conductive layer 306 at the contact
hole 309 provided at the third insulating layer 307 and the
fourth insulating layer 308. The first conductive-type impu-
rity semiconductor layer 311, the intrinsic semiconductor
layer 312, and the second conductive-type impurity semicon-
ductor layer 313 are made of amorphous silicon. The fourth
conductive layer 314 functions as a second electrode of the
conversion element 111, and is connected to a fifth conductive
layer 315 functioning as an electrode wiring 180. The photo-
electric conversion element and the electrode wiring 180 are
covered with a fifth insulating layer 316. The scintillator 317
is disposed on the fifth insulating layer 316.

Here, in this embodiment, the conversion element 111 is an
indirect conversion element including the scintillator con-
verting radiation into light and the photoelectric conversion
element converting the light into charges. This embodiment is
not limited thereto. Instead, the conversion element 111 may
be a direct conversion element directly converting radiation
into charges by amorphous selenium. The switching element
112 is the polycrystalline silicon thin film transistor. How-
ever, this embodiment is not limited thereto. An amorphous
silicon thin film transistor, an oxide thin film transistor includ-
ing oxide semiconductor, and an organic thin film transistor
including organic semiconductor may be used. Instead,
another semiconductor material, such as germanium, may be
employed.

FIG. 13 illustrates an example of a radiation detection
system including the radiation detection apparatus. X-rays
6060 generated in an X-ray tube 6050, which is a radiation
source, pass through a chest 6062 of a patient or a subject
6061, and enter the radiation detection apparatus (active
matrix panel) 100. The incident X-rays include information
on the interior of the body of the patient 6061. The radiation
detection apparatus 100 converts radiation into charges in
response to the incidence of the X-rays, and acquires electric
information. The information is converted into digital data,
and subjected to image processing by an image processor
6070, which is a signal processing unit, thereby allowing
observation on a display 6080, which is a display unit in a
control room. Furthermore, the information can be remotely
transferred by a transmission processing system, such as a
telephone line 6090. Accordingly, the information can be
displayed on a display 6081, which is a display unit, in a
doctor room, which is another place, and stored in a recording
unit, such as an optical disk. Thus, a doctor at a remote place
can perform diagnosis. Furthermore, the information can be
recorded on a film 6110, which is a recording medium, by a
film processor 6100, which is a recording unit.

The active matrix panels according to the first to third
embodiments are applicable to detection apparatuses and
detection systems that are applied to medical image diagnosis
apparatuses, non-destructive testing instruments, analyzers
using radiation. Furthermore, the panels are applicable to
display devices including active matrix panels.

The embodiments only exemplify specific examples for
implementing the present invention. The technical scope of
the present invention is not construed in a limited manner
according to these embodiments. That is, the present inven-
tion can be implemented in various forms without departing
from the technical scope or the principal characteristics
thereof.
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While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2012-128972, filed Jun. 6, 2012, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. A detection apparatus comprising:

a plurality of conversion elements for converting radiation
or light into a charge;

a plurality of transistors corresponding to the conversion
elements to output an electric signal in accordance with
the converted charge;

a gate line connected to control electrodes of the transis-
tors; and

a drive circuit supplying the gate line with a conducting
voltage in which the transistors are in a conductive state
and a non-conducting voltage in which the transistors
are in a non-conductive state,

wherein the drive circuit comprises a shift register com-
prising a plurality of shift register unit circuits connected
to each other, and a demultiplexer comprising a plurality
of demultiplexer unit circuits into which output signals
of the plurality of shift register unit circuits are respec-
tively input,

wherein the demultiplexer unit circuit comprises a first
transistor and a second transistor, and the first transistor
supplies the conducting voltage to the gate line at the
conductive state and does not supply the conducting
voltage to the gate line at the non-conductive state, and
the second transistor supplies the non-conducting volt-
age to the gate line at the conductive state and does not
supply the non-conducting voltage to the gate line at the
non-conductive state, and

wherein the first transistor is changed from the non-con-
ducting state into the conducting state when the second
transistor is in the conducting state.

2. The detection apparatus according to claim 1, wherein
after the voltage of the gate line is changed to the conducting
voltage, the second transistor comes into the non-conducting
state.

3. The detection apparatus according to claim 1, wherein
the demultiplexer unit circuit further comprises an inverter
that receives a potential of a mutual connection node among
the first transistor, the second transistor, and the gate line as an
input signal, and outputs a signal where the input signal is
inverted, to the control electrode of the second transistor, and

wherein the inverter comprises a third transistor supplying
a first voltage to the control electrode of the second
transistor, and a fourth transistor supplying a second
voltage to the control electrode of the second transistor.

4. The detection apparatus according to claim 3, wherein if
the first voltage is V5, the second voltage is Vg, a channel
width and a channel length of the first transistor are W4 and
L, respectively, a channel width and a channel length of the
second transistor are W, and L, respectively, a channel width
and a channel length of the third transistor are Wy and Ly,
respectively, a channel width and a channel length of the
fourth transistor are W, and L, respectively, and an average
value of threshold voltages of the first to fourth transistors is
VTHs
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a following expression is satisfied:

Wolly (Vop = Vi = Vi)
We/ls  2(Vpp — Vss — Vi) (Vi — Vss) — (Vo — Viss)?

1 We/lg
Vie=Ves + Vg + | —
1= Vss + Vry \/ 100 W, /L,

-2(Vpp — Vss)(Vpp = Vss = 2Vi) .

5. The detection apparatus according to claim 4, wherein
after the voltage of the gate line is changed to the conducting
voltage, a voltage of the control electrode of the second tran-
sistor becomes equal to or lower than a threshold voltage of
the second transistor.

6. The detection apparatus according to claim 5, wherein a
following expression is satisfied:

WolLy (Vpp —2Vm ?
We/Ls  2(Vpp — Vss — Vi)V — V) — (Vi — Vss)?

7. The detection apparatus according to claim 3, wherein
the demultiplexer unit circuit comprises a fifth transistor con-
nected between the control electrode of the second transistor
and a node of the third voltage, and

wherein if a channel width and a channel length of the fifth

transistor are W, and L, respectively, pzo=(Wo/Lo)/

25

18
(Wg/Lg) and B z10=(W,o/L10)/(Wg/Lg) are satisfied, and
an average value of threshold voltages of the first to fifth
transistors is V 4,
a following expression is satisfied:

(Vop = Vri)* + 2(Vop — Vi)
(BroVss + BrioVac) —
(BroVis + BrioVéc)
= Vir.

Vp = Viu)? -
(Voo = Vru) L+ Bro + Brio -

Vop = Vru —

8. The detection apparatus according to claim 7, wherein a
following expression is satisfied:

(Vbp = Vru)* + 2(Vpp — Vi)
(BroVss + BrioVac) —
(BroVis + BrioVéc)

= V.
L+ Bro + Brio

(Vop = Vi)t —

Vop =V —

9. The detection apparatus according to claim 1, wherein
after the voltage of the gate line is changed to the conducting
voltage, a channel resistance ratio of the second transistor to
the first transistor becomes 100 times or more.

10. A detection system comprising:

the detection apparatus according to claim 1; and

a signal processing unit that processes a signal from the

detection apparatus.
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